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Abstract 
 
Recent improvements in electronics have allowed instrument manufactures to 
incorporate new digital technologies into traditional surveying equipment. The 
photogrammetry process has been streamlined by integrating digital cameras with 
electronic theodolites and rovers, allowing measurements to be taken using a pair of 
photographs. With the addition of advanced software, terrestrial photogrammetry is now 
an alternative option of data collection for the modern industry professional. However, 
when using new equipment there are always concerns over the accuracy of 
measurements. 
 
The main objective of this dissertation is to evaluate what effects different geometrical 
parameters have on measurement accuracy, and to provide recommendations for the 
appropriate operation of the imaging technology. Parameters to be considered include 
target-baseline distance, intersection angle, photo resolution, and number of photo 
stations used in a solution. A Trimble S6 imaging theodolite and a Trimble V10 
imaging rover were used in a series of investigations to test the parameters under typical 
field conditions. 
 
The study found that the Trimble S6 imaging theodolite was capable of producing 
survey quality measurements across a broad parameter range, while the Trimble V10 
imaging rover lacked measurement accuracy. Recommendations for the effective and 
reliable use of the imaging technology include using the S6 imaging theodolite up to a 
target-baseline distance of 50m, centring the intersection angle about the 70°-90° angle, 
using the best image resolution available, and using a minimum number of 3 photo 
stations for measurement solutions. Ultimately, the accuracy of any measurement 
performed using this technology will depend on a combination of correct instrument 
operation and the understanding of limitations. 
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1. Project Overview 
 
1.1 Project Aim 
 
To determine the accuracy and precision of coordinates derived from imaging 
theodolites/rovers using photogrammetric techniques under typical surveying 
conditions. The project seeks to clarify the results of changing geometry parameters on 
photogrammetric measurements. 
 
 
1.2 Project Objectives 
 
 Research and analyse currently available imaging theodolites/rovers, 
photogrammetric techniques/software packages available and accuracy 
measurement techniques. 
 Determine the accuracy of imaging theodolite/rover derived measurements 
under typical surveying conditions and identify the parameters required to 
achieve repeatable results. 
 Evaluate the effects on accuracy for certain parameters. 
 Develop recommendations for the effective and reliable use of the imaging 
theodolite/rover technology. 
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2. Literature Review 
 
2.1 Introduction 
 
Surveying is the science of measuring objects and has been around since early human 
existence. The ways in which we measure objects is continuing to evolve, paving the 
way for new technologies that allow faster and more efficient data capture rates. 
Terrestrial photogrammetry is one of the fields of surveying that has had an infusion of 
new technology in recent years. Terrestrial photogrammetry, much like aerial 
photogrammetry simply uses photographs or images to calculate the spatial position of 
an object. 
 
Recent improvements in electronics has allowed surveying instrument manufacturing 
companies to develop systems that incorporate calibrated digital cameras into their 
equipment, as well as improving their software systems. Some of the new equipment 
includes imaging theodolites and imaging rovers. The inclusion of digital cameras 
within theodolites and rovers has meant that images of objects can now be efficiently 
captured in a spatially correct orientation. Software packages have also been created 
that allow digital images to be stitched together to make ortho-photos and panoramas of 
objects or job sites. Once having made an ortho-photo, software programs allow 
coordinates of objects visible in more than one photo to be calculated. This allows 
objects to be remotely measured without the need to physically occupy the object in the 
field. This type of measurement technique is extremely useful when measuring 
complex, dangerous or hazardous objects that would not be safe or easy to measure 
conventionally. Missed objects on a topographic survey, building facade or hot objects 
such as pipes in a factory, are just a few examples of objects that could be measured 
with this photogrammetry technology. 
 
There are great benefits in using this new technology, however there is always the 
question of the accuracy of the calculated measurement. This report aims to clarify 
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information for the use of imaging theodolites/rovers, and guide users on the 
appropriate operation of the equipment. 
 
 
2.2  Background 
 
The word photogrammetry began to be used around 1840 when a French geodesist, 
Dominique Francois Jean Arago started using it while taking photographs in front of the 
French Arts and Science Academy (Curtin University 2008). Developments in 
photogrammetry from 1850 onwards have occurred in four development cycles of 
approximately 50 years each (Konecny, cited in Curtin University 2008). These cycles 
include; 
 1850-1900: Plane table photogrammetry 
 1900-1960: Analog photogrammetry 
 1960-Present: Analytical photogrammetry 
 Current: Digital photogrammetry 
 
In 1849, Aime Laussedat was the first person to use terrestrial photographs for 
topographic map compilation. In 1858 he also tried aerial photography, taking 
photographs supported by a string of kites. At the Paris Exposition in 1867, Laussedat 
exhibited the first known phototheodolite. During the 1867 Exposition he also exhibited 
a plan of Paris derived from his photographic surveys, proving that the new technology 
could be used for mapping (Curtin University 2008). 
 
Photogrammetry developed greatly during World War 1, as there was a need for current 
and accurate mapping for military purposes. Photogrammetry was an ideal way of 
making up to date maps of a constantly changing environment. As airplanes developed 
in the early 1900’s, the use of aerial photogrammetry increased. The plane made an 
ideal platform to capture aerial images, since it was reasonably stable and could cover 
an area more effectively than a stationary kite or balloon. 
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The use of computers and digital cameras has greatly influenced the field of 
photogrammetry and remote sensing. Today with computer support, software has taken 
the place of older optical or mechanical instruments, to enable a versatile range of 
digital products such as DEMs (digital elevation models), digital maps and 
orthophotomaps. 
 
 
2.3 Accuracy and Precision 
 
Accuracy and precision are two different concepts that quite commonly become 
confused. According to the International Organisation of Standardisation (ISO) in its 
standard ISO 5725-1, accuracy is defined as the closeness of agreement between a test 
result and the accepted reference value. ISO 5725-1 also defines precision as the 
closeness of agreement between independent test results obtained under stipulated 
conditions. The Glossary of the Mapping Sciences defines Positional accuracy as “the 
degree of compliance with which the coordinates of points determined from a map 
agree with the coordinates determined by survey or other independent means accepted 
as accurate” (ASPRS and ASCE 1994, cited in Congalton and Green 2009, p. 19). 
 
After reading these definitions it becomes clear that accuracy and precision are closely 
linked. Both are important as they tell us vital information about a dataset. The accuracy 
of a dataset measures how close our estimated or calculated value is compared to its true 
or accepted value.  Obviously if our measurement is close to the true value, then our 
measurement was accurate. The precision of a dataset quantifies how repeated 
measurements of the same estimator will vary (Cangalton and Green 2009). Hence if a 
group of measurements were positioned in a tight group, they would be considered to be 
precise. Figure 2.1 below, shows an illustration of the different combinations of 
accuracy and precision that can be present in datasets. 
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Figure 2.1: Illustrations of precision versus accuracy (Congalton and Green 2009). 
 
 
As can be seen in figure 2.1(a), accurate and precise measurements will have a close 
group of measurements scattered around the true position. In figure 2.1(b), a less 
accurate and less precise measurement will produce a wider spread measurements 
scattered more loosely around the true position. In figure 2.1(c), precise but inaccurate 
measurements will have a tight group of measurements but not scattered around the true 
position due to some error or bias. In figure 2.1(d), inaccurate and imprecise 
measurements will have a wide scatter of measurements not close to the true value. 
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2.4 Accuracy Standards 
 
Throughout the surveying industry, the acceptable accuracies can vary tremendously 
depending on the job at hand. With this in mind, surveyors typically try to get the most 
accurate measurements possible given time and equipment constraints. It is therefore 
difficult to definitively state the point where a measurement transfers from being 
accurate to inaccurate. 
 
Section 13 of the 2014 Cadastral Survey Guidelines in South Australia looks at the 
survey accuracy requirements for cadastral plans. The table below summarises the 
requirements in the guidelines. 
 
 
Accuracy Zone 
Position 
(Max outer limit on 
plans) 
Position 
(Probable error: 
50%confidence) 
Adelaide City Core 0.02 0.008 
Commercial and City 
Frame & Residential 
0.03 0.012 
Urban 0.05 0.02 
Rural 0.15 0.06 
Table 2.1: Cadastral Accuracy Tolerances in South Australia (Department of Planning, Transport and 
Infrastructure 2015). 
 
Using Table 2.1 as a guide, the acceptable accuracy of a measurement to be considered 
accurate would likely be around one to two centimetres in an urban environment. This 
accuracy limit would be ok for general survey use. Obviously engineering and some 
civil work would require tighter tolerances to be in place.   
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2.5 Types of Errors 
 
Since all measurements made in surveying are never perfect, there are always errors or 
the chance of errors present in our work. Errors, by definition, are the difference 
between a measured value and its true value (Wyoming Department of Transport 2013). 
To maintain survey standards, errors need to be minimised and can be classified into 
three categories; blunders, random and systematic errors. 
 
Blunders are gross errors or mistakes usually caused by human error. They are not 
systematic in nature and tend to be large enough to be able to be identified through 
quality assurance or checking procedures. They generally come about through 
carelessness, miscommunication or poor judgement of the survey party. Some examples 
of blunders are improper levelling of instruments, equipment setup errors and 
transposing numbers incorrectly when manually entering data. 
 
Systematic errors are the errors associated with the surveying methods, equipment and 
some environmental factors (Wyoming Department of Transport 2013). These errors are 
repetitive and will be present in all measurements taken during a survey. Systematic 
errors affect the accuracy of a survey and can produce a bias in the measurements. To 
minimise systematic errors in measurements, keep equipment in good working order 
and follow established surveying techniques. Some examples of systematic errors are 
incorrect prism constants, incorrectly calibrated instruments and incorrect 
temperature/pressure observations. 
 
Random errors are errors that are not directly related to the conditions or circumstances 
of the observation (Wyoming Department of Transport 2013). Random errors are 
usually unpredictable and tend to be compensating, so may partially cancel each other 
out. After systematic errors and blunders have been corrected, random errors account 
for the misclose in a set of survey measurements. Some examples of random errors 
include manual pointing errors when using theodolites and failing to hold prisms/pogos 
plumb when taking measurements. 
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2.6 Errors in Imaging Theodolite and Imaging Rover Measurements 
 
Measurements made using imaging theodolites and imaging rovers are not perfect and 
may contain errors. While this statement is the same for all surveying equipment, 
imaging theodolites and rovers utilise digital cameras which can add further sources of 
errors to the mix. Topology, lens distortions, clouds, shadows and a myriad of other 
factors can combine to weaken the relationship between the imagery and the earth’s 
surface (Congalton and Green, 2009). Further sources of errors in data acquisition 
include station setup errors and control coordinate errors. 
 
Errors can also occur after the field work has been completed, in the data processing 
phases. Within photogrammetry software packages, incorrect use of functions, 
inaccurate feature interpretation and user error can also add to the error count. 
 
Through sound surveying techniques most of the random and blunder errors can be 
minimised. Since most measurements obtained using the imaging technology is of a 
remote nature, it is difficult to detect any systematic errors. One way to check for a 
systematic error would be to check a measured coordinate against a known or 
conventionally surveyed position. 
 
 
2.7 Imaging Theodolites and Imaging Rovers 
 
An imaging theodolite is a conventional theodolite (robotic or total station) that has 
been integrated with a calibrated digital camera. This arrangement allows digital images 
to be captured in spatially correct coordinate system. Equipment manufacturers have 
developed different imaging theodolite configurations, however current designs 
incorporate the digital cameras either within the theodolites optical telescope or offset 
and independent of the telescope system. The geometrical models for the digital camera 
integration to the theodolite can be shown through the following figures. 
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Figure 2.2: Basic geometric model for a theodolite (Trimble Engineering and Construction Group 2012). 
 
 
Figure 2.3: Simplified camera model of a camera (Trimble Engineering and Construction Group 2012). 
 
 
Figure 2.2 represents the basic model for a theodolite where the vertical axis is v-v, the 
trunnion axis is t-t and the sighting axis is s-s. Figure 2.3 is a simplified camera model. 
This model shows a point (P) is projected onto the image plane via the projection center 
(O). The projection center (O) is the angular point of all directions. The angles ξ and ζ 
can be calculated from the measured image coordinates y’ and x’, which can be 
compared to directions measured from the total station (Trimble Engineering and 
Construction Group 2012).  
 
The imaging theodolite model that uses a digital camera within the optical telescope can 
be generated by combining figures 2.2 and 2.3 together, as seen in figure 2.4 below. 
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This model shows that the image plane of the camera is normal to the sighting axis of 
the theodolite, the z axis of the camera is in the sight axis and the projection center (O) 
is the theodolites intersection point. 
 
 
 
Figure 2.4: Model of digital camera within optical telescope (Trimble Engineering and Construction 
Group 2012). 
 
 
There are advantages and disadvantages to having the digital camera located within the 
theodolites optics. One disadvantage of having the camera within the optics is that the 
telescope limits the field of view of the camera. Another disadvantage is the telescope 
must be in focus to capture a clear image as the camera is usually mounted behind the 
focus lens. Theodolites that have cameras within the telescope can however use the 
focus lens to its advantage since the magnification can be used to capture objects that 
otherwise wouldn’t be able to be seen.  
 
The model of an imaging theodolite where the digital camera is not located within the 
optical telescope is depicted in figure 2.5 below. 
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Figure 2.5: Model of a camera independent if the optical telescope (Trimble Engineering and 
Construction Group 2012). 
 
 
This model creates eccentricity within the system as the camera has a different 
perspective of an object compared to that of the theodolites telescopic lens. During live 
video feed from the theodolite, Trimble theodolites solve the eccentricity in real time by 
using an electronic distance measurement (EDM) to supply a distance back to the 
theodolite for corrections (Trimble Engineering and Construction Group 2012). For still 
and panorama images, at least two control points are used to provide a calibration 
between the images taken and measured points (Trimble Engineering and Construction 
Group 2012). There are advantages to using a camera independent of the telescope, 
namely that the lens in the telescope doesn’t have to be focused to record useable 
images. Larger fields of view can also be achieved from cameras outside of the 
telescopic lens.  
 
Some manufactures have designed theodolites with duel cameras attached to their 
imaging theodolites. This design will allow the best attributes of both camera models to 
be utilised.  
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Trimble has developed an imaging rover that utilises cameras to capture images of a job 
area. The V10 imaging rover uses 12 calibrated digital cameras to create a 60 megapixel 
360° panoramic image of a site. The imaging rover sits underneath a conventional prism 
on a pogo/surveying pole, and can record its image at the same time as you store a 
conventional topographic point. The images from the V10 can then be processed in the 
photogrammetry section of the Trimble Business Centre (TBC) software package, 
similarly to the images generated from the S6 theodolite. 
 
 
2.8 Range of Equipment 
 
Each of the major surveying equipment companies offer imaging theodolites within 
their product range. Trimble, Topcon and Leica have all offered interesting products, 
which are summarised in table 2.2 below. 
 
 
Manufacturer Instrument 
Name 
Details 
Leica Viva TS15 Overview Camera: 5megapixel(MP), focal 
length 21mm (Leica Geosystems 2010) 
 Nova MS50 Overview camera (5 MP, 8x zoom) and 
telescopic camera (5 MP up to 30x optical 
magnification, 8x zoom) (Leica 
Geosystems 2013) 
Topcon IS3 Wide angle camera (1.3MP, 4x view) and 
telescopic camera (1.3MP, 30x view) 
(Topcon n.d.) 
Trimble S6, S7, S8 & 
S9 
Overview camera: 3.1MP, focal length 
23mm, 4 step zoom (1x, 2x, 4x & 8x) 
(Trimble Engineering and Construction Group 
2012 & Trimble Navigation Limited 2015) 
Table 2.2: Summary of imaging theodolites currently available. 
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Currently only one imaging rover is commercially available; the Trimble V10 imaging 
rover. As mentioned previously the V10 rover utilises 12, 5MP digital cameras (7 
horizontal and 5 downward facing) to produce a 360 degree panorama image of a 
location (Trimble n.d.).  
 
All of the imaging theodolites mentioned above have similar photogrammetric features. 
They are all capable of capturing still images of particular job sites for documentation 
purposes. If these images meet certain photogrammetric criteria, they can be used at a 
later time to measure points using software packages. The theodolites can live stream 
video to compatible controllers, which enables real time imagery from the theodolites 
viewpoint and can be observed upon the screen of a controller. This enables image 
assisted surveying where the theodolite can be aimed to any location within the cameras 
field of view. With the addition of reflectorless technology, measurements can be made 
in real time by turning the crosshairs of the telescope to a location using the live video 
feed. A measurement can then be recorder using a reflectorless distance. Panoramic 
images can also be produced, creating 360 degree images of a location. 
 
 
2.9 Software and Image Processing 
 
Currently there are a multitude of software programs on the market that cater for image 
processing and terrestrial photogrammetry. Each of the major surveying equipment 
manufacturers have either developed, or are in partnership with software designers to 
produce photogrammetry packages capable of processing digital still images. Many of 
these photogrammetry programs are far too powerful and advanced for the needs of this 
research project, so only limited terrestrial photogrammetric software has been 
identified. Table 2.3 shows some of the suitable software packages found in the 
literature review. 
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Manufacturer Software Description 
Trimble Trimble Business 
Center 
Processes/adjusts data from 
optical, GNSS, scanning, 
terrestrial and aerial 
photogrammetry, import/export 
to a variety of software formats 
(Trimble Engineering and 
Construction Group 2012) 
Leica/Erdas Imagine  Comprehensive 
photogrammetry package 
(Hexagon Geospatial n.d.) 
Topcon Image Master (Pro 
edition) 
Close range and aerial 
applications including 
measurement and 3D modelling 
(Topcon Positioning 2013) 
Table 2.3: Commercially available photogrammetry software.  
 
 
2.10 Surveying Techniques 
 
Currently limited formal literature has been found that specifically outlines the use of 
imaging theodolites and rovers. However, conventional surveying and terrestrial 
photogrammetry rules do apply to the use of imaging theodolites and imaging rovers. 
The process of terrestrial photogrammetry is much the same as other forms of 
conventional surveying. Firstly, a field survey occurs for data acquisition, which 
includes implementation of control points and the capture of photos. After the field 
survey has been completed, the data is processed in a specialised photogrammetry 
package. 
 
The basic surveying technique of triangulation is used to calculate the position of a 
point shown from a minimum of two referenced photographs. It is important that the 
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photographs are referenced within the same coordinate system since two angles and a 
base distance between them are required to uniquely define a point by triangulation. 
This is shown diagrammatically below in figure 2.6. Further photographs that are 
correctly referenced and include the point to be measured, may enhance the accuracy of 
a triangulation solution as redundancies in the measurements are present. 
 
 
 
Figure 2.6: Triangulation Diagram (USQ 2009). 
 
 
To produce the most accurate results it is good practice to utilise sound surveying 
practices and good geometry. Distance from the instrument to the object being surveyed 
(distance relative to the baseline) and intersection angles between the instrument 
stations and the object to be surveyed (eccentricity to the baseline) are two factors that 
have a major influence on the accuracy and precision of photogrammetric 
measurements (Trimble Engineering and Construction Group 2012).  
 
The best geometry for an object to be surveyed will occur when the object has an 
intersection angle of 90 degrees from the image positions and when there is a short 
baseline to object distance. This is depicted at number 1 in figure 2.6 below. As distance 
increases from the baseline, precision degrades due to each pixel in an image having to 
cover a larger area of space, resulting in a less detailed image. This is shown at number 
2 in figure 2.6. As intersecting angles between an object and instrument stations 
increasingly diverge from 90 degrees, precision will also degrade as the mathematical 
geometry weakens (Trimble Engineering and Construction Group 2012). This principle 
is shown at number 3 in figure 2.7 below.  
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Figure 2.7: Strong and weak geometry using a two station setup (Trimble Engineering and Construction 
Group 2012). 
 
 
Strength of figure is a system used to evaluate the geometry used in a photogrammetric 
intersection solution. A low strength of figure value will indicate that there is good 
geometry, which is likely to produce an optimal result. Intersecting angles of less than 
30 degrees or more than 120 degrees will generally produce high strength of figure 
values, resulting in poor results (Trimble and Engineering Construction Group 2012). 
Other factors affecting the quality of measurements include photo resolution, image 
overlap and number of camera stations.  
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3. Methodology 
 
3.1 Overview 
 
After careful analysis of instruments available on the market, two instruments were 
chosen for the investigation. Firstly, the V10 imaging rover was chosen as it is the only 
imaging rover commercially available. Since the Trimble manufactures the V10, it was 
decided to also test a Trimble imaging theodolite. All Trimble imaging theodolites were 
found to have the same camera specifications, so a Trimble S6 theodolite was chosen 
for this project. Basic instrument details for both the V10 and S6 are included in table 
3.1 below. In addition to the V10 rover and S6 theodolite, Trimble controllers and 
processing software were used to streamline the measurement process, with all products 
compatible with Trimble Business Centre (TBC) software. 
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 V10 Rover S6 Theodolite 
Number of Cameras 12 (7 horizontal, 
5 Downward facing) 
1 (located below 
telescope optics) 
Camera Resolution 5 MP each 
(Panorama 60MP) 
3.1 MP 
(Max 2048x1536) 
Focal Length 3.63mm 23mm 
File Format JPEG JPEG 
Depth of Field 0.1m to ∞ 3.0m to ∞ 
Field of View 57.5° x 43.0° (Horizontal) 
43.0° x 57.5° (Downward) 
16.5° x 12.3° 
Positional Accuracy 10mm (Horizontal RMS) 
7mm (Vertical RMS) 
Not specified 
Trimble Controllers 
supported (TSC3 & 
Yuma Tablet) 
Yes Yes 
Table 3.1: Trimble S6 and V10 details (Trimble). 
 
 
The investigation into measurements using imaging rovers and imaging theodolites will 
be divided into several parts. Both instruments will first be tested under optimal 
conditions to confirm the specifications of the equipment. Further tests will then be 
carried out, changing only one variable at a time to discover what effect each parameter 
has on the quality of results. Both instruments will be tested at the same time under the 
same conditions wherever possible.  The parameters that will be tested include: 
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 Distance from baseline to object: Varying the distance from the baseline to the 
object being measured. The distance will be varied at set intervals until a 
maximum distance of 70m is achieved. 
 Intersection angle: Varying the intersection angle between photo stations and the 
object being measured: This angle will be varied at different intervals from 14 
degrees through to 111 degrees. 
 Photo resolution: Alter the image quality settings to determine if it has any 
detrimental effects. 
 Number of photo stations: Increasing the number of photo stations from a 
minimum of 2 to a maximum of 13, adding redundancy into the measurement 
solution.  
 
An appropriate site was sought that catered to the needs of the investigation. An ideal 
site would preferably have a large amount of open space, a range of target textures, and 
be in a quiet location away from large volumes of traffic. The most suitable site was 
found to be at the rear of a local sporting complex, between a grassed oval and a 
basketball stadium. It had a large open area with minimal obstructions and low levels of 
vehicular traffic. The site is pictured in figure 3.2 below. 
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Figure 3.1: Picture of investigation site. 
 
 
All measurements from the imaging theodolites and imaging rover were compared to 
independently surveyed control points. The control points were surveyed with a 
calibrated theodolite using a separate traverse to ensure data interdependence. Each 
control point was also surveyed using an appropriate method such as conventional 
prism distances, manual pointing to targets and reflectorless measurements when 
necessary. An appropriate number of control points/measurements were required in the 
project to be able to determine the accuracy of the calculated coordinates. A central 
control point labelled as control point 1 (CP1) was the main control point used 
throughout the investigation. CP1 consisted of a square piece of yellow retro reflective 
tape with a contrasting yellow cross in the centre. CP1 can be seen in Figure 3.2 below. 
CP1 was located in the centre of the survey zone while all other control points were 
located at well-defined points that were easy to locate in all images taken during the 
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investigation. Further control points for photo stations were marked with either metal 
rods, spikes or nails to suit the locations for future reference. 
 
 
 
Figure 3.2: Image of Control Point 1 (CP1). 
 
 
As with most surveying tasks, errors are always present. Due to the lengths of 
measurements examined, atmospheric effects have minimal effects on the results. 
Established surveying techniques were utilised to minimise errors. These methods 
included using forced centring where applicable, checking bubbles for correctness, 
checking optical plummets are in alignment, and checking equipment is in good 
working order before use. 
 
For the purpose of this dissertation, specific Trimble methodology for using Trimble 
field and office software is not discussed in detail. Automatic image registrations are 
used where possible to enable consistent results free from bias.  The investigations 
outlined in the following sections attempt to broadly analyse the imaging technology. 
While instruments from only one manufacturer were used, measurements using 
instruments from different manufacturers should be consistent with any findings from 
this study. 
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3.2 Ideal Geometry Measurement 
 
To gain an understanding of achievable results, measurements were taken using images 
from an ideal geometrical situation. This scenario used images from two photo stations 
with an intersecting angle of approximately 90°. The distance between the target and the 
baseline of the two images was set at 10m as this figure represents a relatively small 
distance that would be practical in a real world environment. The strength of figure for 
an ideal measurement should be very low, close to zero. A diagram of the geometry of 
the ideal situation is shown below in figure 3.3. 
 
 
 
 
 
The target used in this investigation was CP1, which was located centrally on the 
concrete block wall of the site. A single photo or panorama image was taken by each 
instrument at the two photo stations. Once the images were completed in the field, they 
were processed in the office to determine the results.  
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3.3 Varying Target to Baseline Distance 
 
To gain an understanding of what effects distance has on accuracy, this investigation 
looks at measurements using various distances between the photo baseline and the 
target, while holding the intersection angle at 90°. The distances from target to baseline 
began at 10m and increased through 20m, 30m, 50m, up to a maximum of 70m. Below 
in figure 3.4 is a geometric diagram of the target to baseline investigation. 
 
 
 
Figure 3.4: Diagram showing the geometry used in the varying target to baseline measurements (Not to 
scale) 
 
 
Once again CP1 was used as a target point for the investigation. Two other targets were 
also used as checks on the accuracy of results obtained using CP1. The other targets 
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included control point 2 (CP2) - the head of a rusty screw above CP1 (contrasting to the 
yellow iron cladding) and control point 3 (CP3) - the bottom corner of a concrete 
emergency exit door frame. These additional targets can be seen in an image in figure 
3.5 below. The discussion from section 3.1 also applies to these three control points. 
  
 
 
Figure 3.5: Image of additional control points/targets 
 
 
A photo or panoramic image was captured at each photo station as indicated in figure 
3.4. Once again, after the images were captured in the field, they were processed in the 
office to determine the results. 
 
 
 
 
 
CP1 
.00.
m 
CP3 – CORNER OF DOOR FRAME 
.00.m 
CP2 – SCREW IN CLADDING 
.00.m 
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3.4 Varying Intersection Angles 
 
The intersection angle of observations in photogrammetric measurements can have a 
large influence on measurement accuracy. For this reason, an investigation into the 
effects of intersection angles was deemed necessary. A geometric control pattern was 
devised for the investigation to aid in providing several intersection angle values, with 
an angular range of 97°42’21”. A constant distance of 20m between the target and the 
photo station baseline was chosen to aid in isolating the intersecting angle variable. 
Approximate distances of 5m between each photo station were used to ensure enough 
intersecting angles were available for comparison. The diagram of the intersecting angle 
investigation is illustrated in figure 3.6 below.  
 
 
 
Figure 3.6: Diagram of the intersecting angle investigation (Not to scale) 
 
 
When processing the results, it was decided to use data from only two photo stations in 
each measurement solution to keep the angles as simple as possible and to aid in the 
interpretation of the results. Using figure 3.6 as a visual aid, the intersection angles 
produced from the investigation are listed in table 3.2 below. 
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Intersection Angle 
(DMS) 
14°01’46” 
26°31’32” 
28°05’06” 
36°52’30” 
44°59’34” 
51°21’04” 
53°06’47” 
56°18’41” 
73°45’13” 
90°00’13” 
102°41’58” 
111°43’01” 
Table 3.2: Calculated intersection angle measurements. 
 
 
As with the previous investigations, a single photo or panoramic image was captured at 
each photo station, and after the images were captured in the field, they were processed 
in the office to determine the results. 
 
 
3.5 Altering Photo Resolutions 
 
The quality of a digital photograph is greatly influenced by the resolution or number of 
pixels within an image. Pixels are the smallest unit of information that an image can 
convey, and are usually squares or round dots. Each pixel displays only one colour, and 
when large quantities of pixels are displayed together they can form an image. Higher 
resolution photographs can display more detail, as each pixel covers a smaller area of 
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the image. Resolution is usually expressed as the number of pixels width by height (e.g. 
2048 x 1536) or as a megapixel value. 
 
The problem with using digital imagery for photogrammetric measurements is that as 
resolution decreases or the distance to objects is increased, each pixel will cover a 
greater surface area causing a reduction in image clarity. Hence measurement accuracy 
and precision will be affected.  
 
The degradation in accuracy of computed points was examined by repeating the 
‘varying intersecting angles’ investigation from section 3.4, using 4 different resolution 
settings for the S6 imaging theodolite only. The V10 imaging rover was not examined 
as it has a fixed resolution on its cameras which can’t be easily adjusted. The four 
resolution settings on the S6 are as follows: 
 2048 x 1536 (Maximum) 
 1024 x 768 
 512 x 384 
 256 x 192 (Minimum) 
 
Every photo station was occupied using each of the four resolution settings and then 
processed in TBC.  The quality of results from each resolution setting was then 
compared to results from the other data sets to determine trends in accuracy. 
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3.6 Measurements with Different Number of Photo Stations 
 
Throughout the previous investigations, the number of photo stations for each 
measurement was limited to two. Two photo stations provide adequate information to 
allow a solution to be calculated, however there are no checks or redundancies for these 
solutions. More rigorous measurements can be found when additional photo stations are 
used in a solution. 
 
To test whether more accurate results can be obtained using additional photo stations, 
the images from the varying intersection angles investigation were used. In order to 
compute new measurements, calculations were performed in TBC by gradually 
increasing the number of observations used in each measurement. The number of photo 
stations varied from 2 to a maximum of 13. Maximum image resolutions were used for 
the calculations from both the V10 rover and the S6 theodolite, as they will provided the 
most consistent results. 
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4.  Results 
 
4.1  Overview 
 
The following sections provide results for each set of measurements, with the intention 
of satisfying the dissertation objectives. All measurements were taken in the field under 
normal surveying conditions. 
 
 
4.2  Results of Ideal Geometry Measurement 
 
As discussed in section 3.2, this investigation aimed to gain an understanding of the 
achievable results from both the S6 and the V10 instruments. This was obtained through 
an ideal geometric scenario, with a 90° intersection angle and a target to baseline 
distance of 10m. The results of for the ideal measurement are displayed in table 4.1 
below. 
 
 
 S6 V10 
Horizontal Inverse (mm) 1 27 
Vertical Inverse (mm) 1 49 
Horizontal Residual (mm) 0 0 
Vertical Residual (mm) ±2 ±34 
Horizontal Angle Residual 1” 7” 
Vertical Angle Residual 28” 8’18” 
Strength of Figure 0.001 0.004 
Table 4.1: Ideal geometry measurement results. 
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The S6 theodolite was shown to outperform the V10 quite substantially. The accuracy 
for the S6 was approximately 1mm, while the V10 had errors of approximately 27mm 
in the horizontal and 49mm in the vertical. The S6 was also proven to be more precise 
as it had lower residual values than the V10. Since the geometry of the measurements 
was ideal, both instruments have excellent strength of figure values, close to zero. These 
measurements indicate that the S6 can produce accurate results under ideal geometry 
while the V10 is capable of producing a measurement of lower accuracy.  
 
 
4.3  Results of Varying Target to Baseline Distance 
 
The objective of this test was to gain an understanding of what effects distance has on 
accuracy. This is important in real world applications as users want to be confident in 
the accuracy of their results at various distances. 
 
The three targets used in this investigation all produced different results. The smaller 
targets being CP1 and CP2 were not recognisable in some of the longer distance images 
for the V10 rover datasets. This resulted in non-measurements from the V10 instrument 
at 40m for CP1 and 30m for CP2. The datasets for the S6 and V10 instruments are 
shown in graphs 4.1 and 4.2 below. 
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Graph 4.1: Varying Distance, Horizontal Error vs Target-Baseline Distance. 
 
 
 
Graph 4.2: Varying Distance, Vertical Error vs Target-Baseline Distance. 
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According to graphs 4.1 and 4.2, the S6 outperformed the V10 for all three targets. As 
the distance increased, the horizontal error for the S6 got slightly worse in an 
approximately linear trend. The best S6 results came from the CP2 dataset, closely 
followed by the CP1 with a deviation of 7mm and 11mm respectively. The CP3 data set 
was the worst performing S6 dataset, with a deviation of 23mm. The results from this 
test suggest that the accuracy of the S6 measurements decrease slightly as the target to 
baseline distance increases.  
 
The V10 performed relatively poorly in comparison to the S6. The best performing V10 
dataset was the CP3 dataset. The errors ranged from 17mm at 20m, to 111mm at 70m. 
This indicates that there is a much higher drop in horizontal accuracy compared to the 
S6 over the same distance. As mentioned above, there were limited results for the 
remaining V10 datasets as the targets were not clearly visible at those distances. 
 
Vertical errors from the test followed in a similar fashion to the horizontal error results. 
The S6 consistently outperformed the V10, in both the CP1 and CP2 datasets. The 
vertical error for the S6 began at approximately 0mm at 10m and expanded out to 
approximately 10mm at 70m. The CP3 data set was again slightly worse, with a 13mm 
vertical error at a distance of 20m. Vertical errors from the V10 seem to follow a 
parabolic curve with the best measurement being from the CP3 dataset; 19mm at 50m. 
Since only limited data was available for the V10 vertical analysis, further investigation 
is needed to confirm results. 
 
 
4.4 Results of Varying Intersection Angles 
 
The varying intersection angles test aimed to determine what influence intersection 
angles had on measurement accuracy under real world conditions. The magnitude of 
errors determined in this test will prove useful when assessing potential measurement 
inaccuracies in the field.  
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The S6 imaging theodolite produced surprisingly accurate results throughout the entire 
intersection angle range for both the horizontal and vertical errors. The most inaccurate 
S6 measurements typically had either very large or very small intersection angles, with 
horizontal errors at 8mm to 14mm. This is shown in graph 4.3 below. The most accurate 
horizontal measurement was at an intersection angle of 73°45’13” with a horizontal 
error of 0mm. As displayed in graph 4.4 below, the S6 vertical errors were consistently 
within 3-8mm for the entire angle range, with only a slight increase in accuracy around 
the 90° intersection angle. The best vertical errors being 3mm at angles of 90°00’13” 
and 102°41’58”. 
 
 
 
Graph 4.3: Varying Intersection Angle, Horizontal Error vs Intersection Angle. 
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Graph 4.4: Varying Intersection Angle, Vertical Error vs Intersection Angle. 
 
 
Graphs 4.3 and 4.4 also show that the V10 imaging rover was once again very 
inaccurate compared to the S6 imaging theodolite. Interestingly, the smaller intersection 
angles seem to have the best horizontal accuracy, but the least accurate vertical 
accuracy. The V10 horizontal accuracy was relatively consistent at around 30mm until 
the 90°00’13” intersection angle where the horizontal error increases severely. The 
vertical error trends from the most inaccurate measurement at smaller intersection 
angles, to more accurate at the larger intersection angles. Graph 4.4 also shows that the 
vertical errors pattern is highly irregular, with the best measurement being 6mm at 
56°18’41”. Further field testing may be necessary to confirm if the trend line is correct 
for the V10 instrument, and whether there were some other error sources within the 
testing method that contributed to the distortions. 
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4.5 Results of Altering Photo Resolutions 
 
The S6 imaging theodolite has the option of changing its camera resolution settings in 
order to minimise file storage size. Lower image resolutions will ultimately translate to 
a compromise in picture clarity. The aim of this test was to determine the extent of 
accuracy degradation over different resolutions, in order to discover if lower resolution 
settings could produce the same results as the highest resolution setting. Further to this, 
the varying intersection angles test method was used for this investigation.  The V10 did 
not have any capabilities to store different resolutions, so it did not take part in this 
investigation. 
 
The highest resolution setting of 2048 x 1536 produced the most accurate horizontal 
results and is represented by the blue line below on graph 4.5. As expected, when the 
resolution settings were decreased, there was a corresponding drop in horizontal 
accuracy.  
 
 
 
Graph 4.5: Varying Image Resolution, Horizontal Error vs Intersection Angle. 
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The second best horizontal results were produced from the second highest resolution 
setting of 1024 x 768, shown in purple on the graph. For the majority of measurements, 
these resolution measurements are within 2-3mm of the highest resolution setting. There 
are however, some instances where the horizontal accuracy has blown out by several 
millimetres, highlighting that the lower resolution setting has inconsistencies. This 
resulted in less precise measurements with a lower level of confidence. The third 
resolution setting of 512 x 384 (shown as green on the graphs), produced lower 
horizontal accuracies than the first two resolutions, being up to 9mm less accurate than 
the second resolution. The fourth and lowest resolution setting produced the most 
inaccurate and variable horizontal error results. Comparatively large horizontal error 
values were produced on 3 separate measurements, indicating measurements that are not 
reliable and unfit for many surveying applications. 
 
A surprising and different resolution order resulted from the vertical error data. These 
results can be seen in the vertical error graph 4.6 below. 
   
 
Graph 4.6: Varying Image Resolution, Vertical Error vs Intersection Angle. 
The highest resolution setting produced the least accurate vertical errors. However, the 
highest resolution also had the lowest range of error values indicating that this 
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resolution has the most precise measurements over the angle range. The worst vertical 
measurement for the highest resolution setting was a relatively small value of 8mm. As 
the resolution settings decreased, there was a decrease in precision shown by a greater 
fluctuation in vertical errors. Interestingly for the intersection angles between 36°52’30” 
and 53°06’47” the vertical errors for the smaller resolutions were significantly better 
than the maximum resolution setting. 
 
 
4.6 Measurements with Different Number of Photo Stations 
 
A photogrammetric measurement can be calculated using a minimum of two photo 
observations. The use of additional observations will improve the measurement by 
adding redundancies into the solution. This investigation aims to determine whether 
more accurate results can actually be obtained using additional photo stations. Once 
again the images from the varying intersection angles investigation were used for 
between two and thirteen observations. Image resolutions were set to maximum during 
image capture. 
 
Graphs 4.7 and 4.8 below show the results from using the different number of photo 
stations in the measurement solutions. It is interesting to note that both the S6 and V10 
instruments have very similar horizontal trend lines, albeit at different error magnitudes. 
The S6 produced a relatively stable horizontal measurement for all station numbers 
producing errors between 2mm and 7mm. The measurements with a higher number of 
photo stations generally produced slightly lower horizontal errors. The V10 also 
produced a consistent horizontal error across all photo station numbers, ranging in error 
from 27mm to 32mm. Consistent with the S6, the V10 also produced slightly lower 
horizontal errors for the measurements with higher photo station numbers. 
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Graph 4.7: Varying Number of Photo Stations, Horizontal Error vs Number of Photo Stations. 
 
 
 
Graph 4.8: Varying Number of Photo Stations, Vertical Error vs Number of Photo Stations. 
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The vertical errors for the S6 solutions across the photo station range were very similar 
to the horizontal error. The errors were consistently between 3mm and 6mm, however 
they did not get any better with the addition of additional photo station measurements. 
The V10 vertical errors were much less accurate than the S6, with errors ranging 
between 60mm and 92mm. It is interesting to note that the higher vertical errors for the 
V10 occurred during the middle number of photo stations (centred around 7 stations), 
while the lower and higher number extremities had better vertical errors. 
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5.  Discussion of Results 
 
5.1 Overview 
The ultimate goal of this dissertation was to determine what geometrical parameter 
values were required to enable survey quality measurements to be produced from the 
new imaging technology. As such, the Trimble S6 imaging theodolite and Trimble V10 
imaging rover were both chosen to perform the investigations.  
 
Numerous parameters could have been examined, however the study focused on four 
parameters, namely target to baseline distance, intersection angle, photo resolution and 
number of photo stations. It is important to note that these four parameters will not 
provide a comprehensive accuracy analysis. However, the conclusions drawn from the 
results in chapter 4 provide a good indication of what accuracy can be expected from 
imaging technology under normal field conditions.  
 
 
5.2 Results 
 
At the beginning of the dissertation it was predicted that both the S6 and V10 would 
produce measurements of a similar accuracy. Surprisingly, it was discovered throughout 
this investigation that the S6 produced substantially more accurate measurements than 
the V10. Trends have emerged from each investigated parameter and are discussed 
below. 
 
Ideal Geometry Measurement Intersection  
The ideal geometry investigation had an intersection angle 90° and a target-baseline 
distance 10m. This geometric configuration allowed the investigation to achieve an 
understanding of the maximum achievable accuracy for each of the instruments. The S6 
achieved a horizontal and vertical accuracy of 1mm, while the V10 achieved a 
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horizontal accuracy of 27mm and a vertical accuracy of 49mm. This implies that the S6 
was able to achieve very accurate results, while the V10 was not able to achieve sub 
centimetre accurate results. Automatic image registration methods were used for the 
V10, so different registration method investigations are required to identify whether it is 
the V10 instrument, or other unknown factors that are causing the errors for the V10 
measurements.  
 
Varying Target-Baseline Distance 
As the target-baseline distance increased, the horizontal and vertical error for the S6 
increased slightly, indicating a small decrease in accuracy. Meanwhile, as the target-
baseline distance increased for the V10, the horizontal error increased dramatically 
causing a large decline in accuracy for V10 measurements. There was only limited data 
for the V10 vertical error, so only preliminary conclusions can currently be drawn. It 
seems that there may be a slight decrease in vertical error for the V10 as distance 
increases. I am highly sceptical of this conclusion and further investigation is required 
to validate the results. 
 
Varying Horizontal Intersection Angle  
For the S6 theodolite, the best horizontal angles occurred at the 73° intersection angle. It 
was predicted that the best measurement should have been at the 90° angle, so the 
results may be slightly skewed. The horizontal error spread over the angle range for the 
S6 was small with little difference between the error numbers. This may explain any 
skew in the data, but further investigation is recommended to confirm this theory. The 
vertical error for the S6 stayed consistently small throughout the angle range, indicating 
excellent accuracy and precision. As a result, intersection angle has only a small effect 
on measurement accuracy for the S6 instrument. 
 
The results for the V10 were completely different. Small intersection angles produced 
the most accurate horizontal measurements but the least accurate vertical measurements. 
Large intersection angles produced more inaccurate horizontal errors and better 
measurements in the vertical. This suggests that the V10 works the best with relatively 
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small intersection angles for horizontal measurements, while the opposite can be said 
for vertical measurements. 
 
Varying Image Resolution 
This investigation applies to the S6 imaging theodolite only, as the V10 rover does not 
alter its camera resolution. As predicted, the horizontal error graphs in section 4.6 
indicate that higher resolution images produce more accurate measurements. The 
vertical error graph tells us the opposite, since the lower resolution images produced 
more accurate results. The higher resolution images produced more precise 
measurements with lower error ranges. Taking into account the vertical errors were all 
within 9mm of the actual position, the outcome of this investigation is that images 
should be taken at the highest resolution possible given time and file storage constraints. 
 
Number of Photo Stations 
Intuitively, the accuracy of the measurements should increase with a greater number of 
photo stations. Both the S6 and V10 had similar increases in measurement accuracy, 
with an associated increase in photo station numbers. The S6 consistently outperformed 
the V10 by approximately 25mm for horizontal error throughout the range of photo 
stations. The S6 had a very accurate vertical error throughout the test and seemed 
unaffected by an increase in photo stations. The V10 vertical error was much worse than 
the S6, and was the most inaccurate during the middle station ranges of around 7 
stations. The V10 vertical error was most accurate in solutions with either small or large 
numbers of photo stations. This test indicated that as long as there was at least two 
observable images for use in a calculation, the measurement should be reasonably 
accurate. 
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5.3 Accuracy and Precision 
 
Ultimately the accuracy standards for a particular project will be dictated by individual 
project requirements. Typically, engineering projects require a higher level of accuracy 
than a cadastral projects, however they all aim to capture data to the highest standards 
available considering time and financial limitations. 
 
Cadastral accuracy tolerances mentioned in section 2.4 from the South Australian 
government states that urban tolerances at 50% confidence are 8-20mm. The S6 
theodolite demonstrated that it could consistently produce measurements within this 
tolerance. It is therefore reasoned that the S6 is accurate enough to be considered survey 
quality. This is especially true when combinations of parameters are used in parallel, 
which enables accurate measurement. The V10 rover on the other hand demonstrated 
that it does not have the capabilities in its testing to produce survey accurate 
measurements. 
 
Reiterating the paragraph above, the majority of the measurements made from the S6 
can be considered precise, as the measurements from the individual tests are reasonably 
close to data trend lines. Once again the V10 data tends to be rather imprecise, as the 
measurements deviate significantly from the graph trend lines. 
 
 
5.4 Comparisons to other Instruments 
 
As previously mentioned, this dissertation acquired data from only two instruments, 
both being from the same manufacturer. The conclusions found in this investigation 
should be applicable to other instruments from different manufacturers, however further 
testing will be required to confirm this. The comparisons should be made to similar 
specification equipment such as the Leica Nova MS50 and the Topcon IS3 imaging 
theodolites.  
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Recalling information from chapter 2, The S6 is fitted with an overview camera situated 
independently of the theodolites sighting telescope. It would be interesting to determine 
if the tested parameters have the same effect on instruments with cameras situated fully 
within the optical telescope. The obvious answer is that the parameters will have the 
same effect on measurement accuracy, but sometimes there may be inaccuracies present 
on different instrument configurations that will have an unforeseeable impact on 
achievable accuracies. 
 
Since there are no other comparable imaging rovers to the V10 currently on the market, 
no comparisons can be made with different imaging rover instruments. Further testing 
of the capabilities of the V10 and other future imaging rovers are highly recommended 
to confirm results. 
 
 
5.4 Recommendations 
 
A major objective for this dissertation was to compile recommendations for the effective and 
reliable use of the imaging theodolite/rover technology. Using the information put 
forward in chapters 4 and 5, the following recommendations should be considered for 
the reliable use of the imaging technology. 
 Recommend the use of the Trimble S6 imaging theodolite over the Trimble V10 
imaging rover. The reasons for this recommendation are as follows: 
o Multi use nature of the imaging theodolite technology. 
o V10 was shown to have unreliable measurement quality with results not at 
survey accuracy. 
o S6 produced measurements with a higher accuracy and precision over a wider 
parameter range. 
o The processing of data from the S6 was more efficient in the office as the 
images were already coordinated and did not require any further 
registrations/processing. 
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 Trimble S6 is suitable for survey accurate measurements using the following geometry 
design criteria. 
o Target Baseline Distance 
 S6: Measurement quality was excellent up to the 70m used in this 
investigation. However, for the most accurate S6 results, use 
distances up to 50m.  
 V10: Use distances up to 30m as target identification is 
problematic after this distance. 
o Intersection angle 
 S6: Use intersection angles centred about the 70°-90° angle zone 
for the most reliable measurements. 
 V10: Use small intersection angles less than 90° for the best 
horizontal accuracy. Further investigation required before giving 
vertical error recommendation. 
o Number of photo stations 
 S6 & V10: Use a minimum of 3 photo stations. 2 will allow a 
coordinate to be calculated, but three will provide a check, 
enabling enhanced solution confidence. 
 
Ultimately, the accuracy of any measurement performed using this imaging technology 
will depend on a combination of image quality, target suitability and measurement 
geometry. 
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6. Conclusion 
 
6.1  Conclusion 
 
This dissertation aimed to determine the accuracy and precision of coordinates derived 
from imaging theodolites/rovers, in order to make recommendations for the 
appropriate operation of this new imaging technology. While only limited geometrical 
parameters were investigated, tests were successfully performed. Useful 
recommendations have been suggested, which will provide a solid base in 
understanding point accuracy.  
 
The Trimble S6 imaging theodolite was proven to be capable of producing survey 
quality measurements across a broad parameter range while the Trimble V10 imaging 
rover lacked measurement accuracy. To achieve accurate and reliable measurements, 
the recommended maximum target-baseline distance for the S6 is 50m, in comparison 
to 30m for the V10. Centring intersection angles about the 70°-90° angle is 
recommended for the S6 to achieve best results, while the V10 should aim to keep 
intersection angles as small as possible, below 90°. Photo resolutions should be at the 
highest resolution possible given time and file storage constraints. It is also 
recommended that there be a minimum number of 3 photo stations used in each 
measurement solution.  
 
Unfortunately, additional testing of different instruments and various processing 
techniques were not able to be achieved due to time and resource limitations.  
 
Ultimately, the accuracy of any measurements performed using this imaging technology 
will depend on a combination of correct instrument operation and the understanding of 
limitations.  
 
 
 
 
 
47 
 
6.2 Further Research 
 
At the completion of this dissertation there are several opportunities to advance the 
work completed so far. Additional instruments from various manufacturers need to be 
tested to determine if there is any correlation in results. It would be interesting to 
discover if instruments from different manufacturers can produce similar results, since 
each manufacturer uses assorted instrument and camera specifications. Further to this, it 
would also be interesting to determine if the latest generation Trimble imaging 
theodolites (being the S7 and S9), and any future V10 imaging rover models would 
produce the same results as this study. Additional parameters could also be investigated 
to determine if these have any impacts on measurement accuracy. 
 
This study used only one method of image processing, which employed automatic 
image registration. Future work should be undertaken in determining the most 
appropriate image registration system, and how the registration type affects 
measurement accuracy. 
 
Another avenue of further research is to investigate the accuracy and reliability of 
automatic point cloud generation. Point clouds generated from photo imaging 
technology are similar to a laser scanning point cloud, and it would be interesting to 
find out how it compares to the laser scanning technology. If it can produce reliable 
point clouds, can it also have applications within project management or BIM (Building 
Information Modelling)? 
 
Terrestrial photogrammetry has great potential to capture huge amounts of quality data. 
This technology definitely deserves future research to enable mainstream industry 
uptake. 
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AGREED  _________________ (student)    _______________ (supervisor)
  Date:   /   / 2015   Date:   /   / 2015 
 
 
 
52 
 
 
 
 
 
APPENDIX B 
 
Raw Results 
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Ideal Geometry Measurement 
 
Sight CP1, Intersection Angle 90°, Target-Baseline Distance 10m 
 
S6 
 
 
V10 
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Varying Target to Baseline Distance 
 
Target CP1, Intersection Angle 90° 
 
S6 @ 10m: Refer Ideal Geometry Measurement report  
 
S6 @ 20m 
 
 
S6 @ 30m 
 
 
S6 @ 50m 
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S6 @ 70m 
 
 
V10 @ 10m: Refer Ideal Geometry Measurement report 
 
V10 @ 20m 
 
 
V10 @ 30m 
 
 
V10 @ 50m: N/A 
 
V10 @ 70m: N/A 
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Target CP2, Intersection Angle 90° 
 
S6 @ 10m 
 
 
S6 @ 20m 
 
 
S6 @ 30m 
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S6 @ 50m 
 
 
S6 @ 70m 
 
 
V10 @ 10m 
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V10 @ 20m 
 
 
V10 @ 30m: N/A 
 
V10 @ 50m: N/A 
 
V10 @ 70m: N/A 
 
Target CP3, Intersection Angle 90° 
 
S6 @ 10m: 
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S6 @ 20m 
 
 
S6 @ 30m 
 
 
S6 @ 50m 
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S6 @ 70m 
 
 
V10 @ 10m 
 
 
V10 @ 20m 
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V10 @ 30m 
 
 
V10 @ 50m 
 
 
V10 @ 70m 
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Raw Results: Varying Intersection Angles 
 
Target CP1, Target-Baseline Distance 20m 
 
S6 @ 14°01’46” 
 
 
S6 @ 26°31’32” 
 
 
S6 @ 28°05’06” 
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S6 @ 36°52’30” 
 
 
S6 @ 44°59’34” 
 
 
S6 @ 51°21’04” 
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S6 @ 53°06’47” 
 
 
S6 @ 56°18’41” 
 
 
S6 @ 73°45’13” 
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S6 @ 90°00’13” 
 
 
S6 @ 102°41’58” 
 
 
S6 @ 111°43’01” 
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V10 @ 14°01’46” 
 
 
V10 @ 26°31’32” 
 
 
V10 @ 28°05’06” 
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V10 @ 36°52’30” 
 
 
V10 @ 44°59’34” 
 
 
V10 @ 51°21’04” 
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V10 @ 53°06’47” 
 
 
V10 @ 56°18’41” 
 
 
V10 @ 73°45’13” 
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V10 @ 90°00’13” 
 
 
V10 @ 102°41’58” 
 
 
V10 @ 111°43’01” 
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Raw Results: Altering Photo Resolutions 
S6 Only 
 
Maximum 2048x1536 Resolution: Refer Altering Intersection Angle 
Results 
 
Large 1024x768 
 
14°01’46” 
 
 
26°31’32” 
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28°05’06” 
 
 
36°52’30” 
 
 
44°59’34” 
 
 
 
 
 
 
 
 
72 
 
51°21’04” 
 
 
53°06’47” 
 
 
56°18’41” 
 
 
 
 
 
 
 
 
73 
 
73°45’13” 
 
 
90°00’13” 
 
 
102°41’58” 
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111°43’01” 
 
 
Medium 512 x 384 
 
14°01’46” 
 
 
26°31’32” 
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28°05’06” 
 
 
36°52’30” 
 
 
44°59’34” 
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51°21’04” 
 
 
53°06’47” 
 
 
56°18’41” 
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73°45’13” 
 
 
90°00’13” 
 
 
102°41’58” 
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111°43’01” 
 
 
Minimum 256 x 192 
 
14°01’46” 
 
 
26°31’32” 
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28°05’06” 
 
 
36°52’30” 
 
 
44°59’34” 
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51°21’04” 
 
 
53°06’47” 
 
 
56°18’41” 
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73°45’13” 
 
 
90°00’13” 
 
 
102°41’58” 
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111°43’01” 
 
 
Raw Results: Different Number of Photo Stations 
 
Target CP1, Target-Baseline Distance 20m 
 
S6 2 Stations: Refer Varying Intersection Angle Test @ 90°, Max Resolution 
 
S6 3 Stations 
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S6 4 Stations 
 
 
S6 5 Stations 
 
 
S6 6 Stations 
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S6 7 Stations 
 
 
S6 8 Stations 
 
 
S6 9 Stations 
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S6 10 Stations 
 
 
S6 11 Stations 
 
 
S6 12 Stations 
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S6 13 Stations 
 
 
V10 2 Stations: Refer Varying Intersection Angle Test @ 90°, Max Resolution 
 
V10 3 Stations 
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V10 4 Stations 
 
 
V10 5 Stations 
 
 
V10 6 Stations 
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V10 7 Stations 
 
 
V10 8 Stations 
 
 
V10 9 Stations 
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V10 10 Stations 
 
 
V10 11 Stations 
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V10 12 Stations 
 
 
 
V10 13 Stations 
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